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This document provides a detailed description of the formulation and computational
processes contained within the Kozai Mean Element Converter (KMEC) software package.
The KMEC program was developed by the Naval Surface Weapons Center under the auspices
of the Defense Mapping Agency to specifically provide operational support to the new MX
1502-DS and modified TRANET II Doppler beacon satellite tracking receivers. This report
has been reviewed and approved by Dr. R. J. Anderle.
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INTRODUCTION

The primary function of the Kozai mean element converter (KMEC) is to generate
mean Kozai orbital element sets for satellites tracked by the MX 1502-DS and modified
TRANET II geoceivers. These geoceivers will use the mean element sets in conjunction
with a Kalman filter to provide autonomous orbit updates and to predict station-satellite
inview periods. To avoid problems associated with mathematical singularities, such as those
that occur with near-circular orbits, the following nonsingular element set has been selected
to perform the mean element transformation in KMEC:

a = semimajor axis A

A=2+g+h

£ =¢ecos (@ =g+h) )

n = e sin @ L

i
P = sin (-’)coa h
2
0= (i ) Gt
=sin| = |} sin

; 2 J
B
:;-2 where a, e, i, £ g, and h are the usual Keplerian elements.
%)
i
é: KMEC is comprised of seven basic computational functions:
E};‘; 1. The process flow supervisor (PFS)
.'i‘:; 2. The Cartesian input section (CIS)
5.'.’} 3. The Brouwer input section (BIS)
ﬁ 4. The Walter mean element interator (WMI)
; 5. The nonsingular orbital element builder (NEB)
:;ff 6. The geoceiver format section (GFS)
o 7. The Keplerian element builder (KEB)
28
g: Figure 1 shows the functional overview of KMEC and the interfunctional data flow. A
F! detailed description of each of these functions is presented in the following sections.
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As user-supplied input, KMEC requires the selection of a processing option (IOAOP). :-:'_:-’

If IOAOP = 0, KMEC will use a nonsingular transformation theory to convert a Brouwer :"‘

mean element set obtained from Space Surveillance (SPASUR) input data to a Kozai mean :"-'—:.

element set. If IOAOP = 1, KMEC will use the same nonsingular transformation theory to 'CC:}'

.‘\

convert osculating Cartesian position and velocity vectors to an associated Kozai mean \

clement set. Also required as input are the satellite number (KSA), the satellite type -3-::’

(ITYPE), the satellite frequency offset (Af), and the universal time of transit of the vernal
equinox (t, ). These data are included on the identifier data card. The Kozai mean

R

n:,x..

elements and associated information are written to hard copy during the computational .‘:;‘;::f
cycle. ;::}::
Y

THE PROCESS FLOW SUPERVISOR (PFS) Q;: g

FUNCTIONAL DESCRIPTION [
f o

A

The principal tests performed by the PFS are to receive input data, direct the pro- L
cessing flow, and output computed results. Specifically, the PFS: :::_:j-
. . N R

1. Receives from input the user-selected processing option fxaln

2. Receives from input the identifier card data o

-
4
.I

¥
e
‘5 A%

3. Receives from input Brouwer mean elements from five-card SPASUR data when
IOAOP = 0

4. Directs processing through the CIS, BIS, WMI, NEB, KEB, and GFS functions

Converts input data to the proper computational units

6. Writes to hard copy the input, intermediate, and output mean element sets

s A I e d
L v B e
¥ o 1 I FIN R )

7 PR
pE gt AN

4
LN
»

it

[

- The flow of the PFS function is presented in Figure 2. ;{'j:.;’
< L
i‘i When IOAOP = 1, the CIS function is entered and osculating Cartesian position and ' f
E velocity vectors are received along with the vector epoch. These vectors are converted to an %’E
k osculating Keplerian element set and are used to initiate the Kozai transformation process. ?}
" T
g o
7 PROCESSING EQUATIONS .
e, R
- The semimajor axis read from the SPASUR data is the Kaula semimajor axis a, ;E:::Ej
“;_ expressed in earth radii. This is converted in the PFS to the Brouwer mean semimajor :{:}j
'i:: axis a” via the transformation &:-*-—-
3 .
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- 3 2ot
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INPUT

READ PROCESSING
OPTION I0AOP

Y

INPUT

READ IDENTIFIER
DATA KSA ITYPE
Ay,

IS
I0AOP = 0
?

INPUT

READ BROUWER MEAN
ELEMENTS: 1, a,
o, 11", g B

Y

CONVERT ANGULAR
ELEMENTS FROM
DEGREES TO RADIANS

Y

CONVERT ay to
o
EQS. 2 AND 3

NSWC TR 83-135

ENTER BIS FUNCTION

USE BROUWER MEAN
ELEMENTS IN BROUWER-
LYUDANE THEORY TO
COMPUTE OSCULATING
KEPLERIAN ELEMENTS AT

ENTER CIS FUNCTION

EPOCH t,

QUTPUT

WRITE BROUWER
MEAN ELEMENTS AND
EPOCH TO HARD COPY

READ EPOCH 1, 7} "

AND CONVERT TO OSCULAT-
ING KEPLERIAN ELEMENTS
ATt

Y

ENTER NEB FUNCTION

FORM OSCULATING NON-
SINGULAR ELEMENT SET AT
t, FROM OSCULATING
KEPLERIAN ELEMENTS

¥

ENTER GFS FUNCTION

ENTER WMI FUNCTION

COMPUTE ITERATIVELY
THE MFAN NONSINGULAR
ELEMENT SET AT t,

COMPUTE A AND OUTPUT
DATA IN FORMAT
CONVENIENT FOR USE IN
GEOCEIVERS

Y

QUTPUT

MEAN NONSINGULAR
ORBITAL ELEMENTS
AND EPOCH ¢,

Y

ENTER KEB FUNCTION

COMPUTE MEAN KEPLERIAN
ELEMENTS FROM MEAN
NONSINGULAR ELEMENTS

Y

O

4

5

( END PROCESSING )

FIGURE 2. PROCESS FLOW SUPERVISOR LOGIC FLOW
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, |+ 2X \2/3
a’ = ak ac _1_-_32— (2)

where

3J,(1 - 3/2 sin?i")

4 a2 (1-c2)/

3)

In the above expressions, a, is the earth’s semimajor axis, 12 is a zonal harmonic gravi-
tational constant, and i” and e” are the Brouwer mean inclination and eccentricity, re-

spectively.

BROUWER INPUT SECTION (BIS)

FUNCTIONAL DESCRIPTION

The Brouwer input section accepts the Brouwer mean element set from the PFS
and converts it into an associated osculating element set at epoch t- This is accomplished
through the application of the Brouwer—Lyddane theory,!*? which has been modified to
include the effects of atmospheric drag (the atmospheric drag decay rates are nulled during
this computation). These osculating elements are then used to formulate the osculating
nonsingular element set that initializes the mean element interation algorithm. The BIS
processing logic flow is shown in Figure 3.
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»
M

EQS. 5,8, AND 7

Y

INCLUDE LONG
PERIOD EFFECTS
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EQS. 21 THRU' 26
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C RETURN )

FIGURE 3. BROUWER INPUT SECTION PROCESS FLOW
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PROCESSING EQUATIONS FOR THE BROUWER-LYDDANE METHOD AR

The equations used to compute osculating orbital elements from mean Brouwer

elements and associated decay rates are delineated in this section. First define the
following:

K
SR
L P
I T
wlal e

W

i R G

»

»
G ied

Iy
2
{:-.
D i

LN

a” = semimajor axis decay rate

e” = eccentricity decay rate
n = time rate of change of mean motion

t = time from epoch
n, = (ufa")%

n = (I - ")

6 = cos i’

v2 = 1/2 Gy a:/a"2
S Z R 2% > 4)
73| == Cyo a) 3" 36

vs' = - 3/8 Cq4p a: a""4n8

vs' = - Cso &} 2" 5q710 N
@ = 1- 562
B = 1- 116% - 400% o r
y = 1-30%- 8* o g
5 = 1- 992 - 246% or! :,‘,J
A= 1 - 562 - 160% ! J =

e
!
i

AT
¥
el j

¥
o

.

where the Cjo G = 2, 3, 4, 5) are the zonal harmonic gravitational expansion coefficients.
Then the secular terms are computed from
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3 3
g' =n t<- > v, o+ > v, '? [—35 + 24n + 25n?

+ (90 - 192 - 12672)0 + (385 + 360n + 45772)94J

5
+ -l-g va' [21 - 9% + (-270 + 126n*)0% + (385 - 189n2)04] + go”

and
3
h" = not{- 37,6 + 2 1" [(—5 + 120 + 99*)0 + (- 35 - 36 - 5n2)03]
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The final osculating values for a, i, and h are computed from Equations 11, 13, and 15,
respectively. Equations 5, 12, 14, and 16 are used to calculate final osculating values for

2, g, and e for the following relations:

A = ccos®" - b2 sin 2"

B = esin " + e5% cos 2"

2 = tan~! (B/A)

g=Q+gp-12

and

e = (A + B2)%

CARTESIAN INPUT SECTION (CIS)

FUNCTIONAL DESCRIPTION

The primary tasks performed by the CIS function are to

n
(22)
(23)

(24)

(25)

1.  Receive from input inertial Cartesian position and velocity vectors at epoch t,

ie., ©(t,) and T(t,)

2. Transform the osculating inertial Cartesian components to osculating Keplerian

orbital elements

The process flow of the CIS function is shown in Figure 4.

PROCESSING EQUATIONS

The osculating inertial Cartesian vectors ?(to) = (X, v, z) and ?(to) = (X, y, 2) are

transformed to osculating Keplerian orbital elements by using the following relationships.
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THE NONSINGULAR ORBITAL ELEMENT BUILDER (NEB)
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The NEB function uses the osculating Keplerian elements obtained from either the
BIS or CIS functions to form the osculating ncnsingular element set given by Equation 1.
This nonsingular clement set is used to initialize the Walter mean element iterator discussed
in the following section. The NEB process flow is shown in Figure 5.
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%“X.{ The mathematical computations performed by this function are relatively lengthy and N
{}"fi; quite complex. They are described in detail in the next subsection. The WMI process "}
& flow is depicted in Figure 6. .
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PROCESSING EQUATIONS 3
The iterative technique used to find the mean nonsingular element set from the -
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is satisfied for all j. In the above expressions, k is the iteration counter; ﬁ;’ (to) and B,- (to)
represent the osculating values and the short periodic variation of the jth element at epoch
t and Ej is the convergence tolerance for the jth element.
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To initiate this iterative process, it is assumed that
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, () = 8¢) G=1,2 ., 6). 35)

When the condition in Equation 34 is met, then

Bt) =B, G=1,2 .6 36)
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As can be scen from Equation 33, short periodic variations for the nonsingular element
set are required. These can be obtained by integrating the associated Lagrange planetary
equations using only the J, zonal harmonic in the gravitational disturbing function:
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h'l

2l i

i

4

oR 1 oR
20pq 20pq
d\ + ——— dX
)N 4n%a’y %: f oP

1
QS*’=-———QZf
pa

2n%a’y

o,

i)
L i e

42)

e

—t

1

+__—.
2n%ay Q 772;;’[

dR. J’ aR
20pq 20pgq
% ) dn - ¢ qu‘, 5 dn

s

b ‘;‘r:}"

In the above expressions, f is the true anomaly P
b
v =i (43) o

_a(l-e?)
1 +ecosf

e -
, ¥ !"l a3
5 o o

(44)

(e
| A,

and R20pq is the (pq)!"™ contribution to the geopotential disturbing function due to the

J, zonal harmonic and is given in general by:?

G 7
T, ‘V.

=
4

Q
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[T

Jeey KM g (A

R - 2mp 2pq 2mpq

2mpg om €080 + B, sind ) +

Pl

a“‘ 2mpq Lm Lmpq

1S
V-

(435)

7

I
o

IIQmpq(A

sin 0 B,zm cos 6 )
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gLl

fmpq

2m fmpq -
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o m -m even
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and 3:;

P o
PR )
«

r

’

Opmpq = @ - 20+ QA - mO (48)

o

P
.
PRSP
. PRI L
RS S A g S WA

Here 0 is the Greenwich sidereal time. Note that for the case £ = 2, m = 0

>
[ 8]
<
1
o
.
} 8
-y

Cio =- 1, (49)

Bzo = S2° = O (50) .:l';\'...‘.

and ARl

Os0pq = (2 - 2p + g (63)) '.-‘\.t

The J, p and K1qu functions in Equation 44 are the inclination and eccentricity |
functions given by .

AR

(em)yt  J2 (2% 20\ 2p _ ,
Jle) = -k S -1 C28-a-2j (1-C2)it(a=|a]}/2
@ = 0 o 2 U5 Nems (1-C?)
1

Y '
.
.
s

(52) e

k=0 ‘T50 150 rt t! tql+k-r/\ k-

o |ql+k  k -1y [ 2p-22\/-2p\ fo- 21+ Tt "
K(y) = (- Dlal 22 (1+7)-2-|q| z : 3 : z : 1 %-2ptq L
fpa t 2 (53)

O
(I+y)*t=k (1-y)%, (for q > 0) e

and
b

r+t % SH

o Jaftk K oy —2p\ 2p-22\ /o ‘&*«

K(y) = (-Dlal 22(144y2-lal Z Z 1) 2ptq\ | s

2pq K

=0 ‘o =g it |q|+k—r/ k-t 2 ¥
EC\'

(54)
(14+y)*tk (1-y)%, (for q¢ < 0) E:%;
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functions in Equation 45 are given by

Elql—u n° P|a|-2n+u Q2n—u
u (55)

- «f-2n~- 2n+1-
slqlunupllzn l+u Q2ntl-u

(56)

lah)

2mpq ¢mpq
k ) Iql\ [l
aﬁmpq = (R DA N
n=0 u=u, u 2n -
K al\/ I
I, = (-1)nrurt §
mPe nE:O 2, “\ u /\2nti-u
u=u
1
where
+ o + jo - 1
P e
2 2
= u; = max(0, 2n - |a}), u, = min(2n, Iq})
;‘:f.;
3 u; = max(0, 2ntl - |o), u) = min(2n+],
o
o
:;. 6, = 1, if q, a are both positive or negative
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The integrals appearing in Equations 38 through 42 are given by the following
expressions:

((0R, ., n
J\ax
3 pag _
(————2_2p+q> J, ( = 1ap Kzpa iam sin 0,0, = W cos f’zoqu

oR
J(( — 2°pq> da
(58)

OR ua? 1 oK
20pq - _ e 2pq
f( § ) = J2< a3> tor <2~2p+q> (35 )6{20"“ 100 Kapg Rypq.

(59)

"r!‘rr‘"
v
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2
pa’
-1, < 3 ) Top Kapg %(Rzopq 008 0,0, *+ I, sin Bzom% (57)
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and

Rygpq = 20=2) J,0 11

3 szq 2-2p+94_ 9Q 20pq 2m'pa

(62)

/ aR20pq /.la: i q— aJ20pq

=-J
o) & 2

L s iradiihit | S e

aJ

. 20p
sin @ -

e \\3g )

+@2p-2) ], & cos 6

!
Opq 20p  2m pq 20pq

where use has been made of the relations

R oIl

fmpq _ fmpq
aE - = Iql(ﬁgmpq' 3 as - IQ| IIQmqu

oR olI

fmpa  _ _ q I fmpq

1S Hient EO PSR il Ml i Al

! ——————— !
fmpq * on 2mpq

\ (63)

oK oll
2mpq ¢mpq
oP Tl Bontpg 3P = o T tpg
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TR S T
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oR R

2mpq

Lam sant 4

v v

2mpq
= ! -_— !
2Q 2m pq 0Q 2m pq

|
R
D

R

and

e el a s a s "X

a-1 (q@>0
q = (64)
q+1 (<0

LM Tial i lal i SRR Lt o)

-1 (2p - 22>0)
m'= 65)
+1 @p-2<0)
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The partial derivatives of the inclination and eccentricity functions are given by
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aJQmp _p aJ,Zmp

P oC ’

aJQmp - - 20 aJ,zmp

aQ oC ’
where

J=Jl

ga-le| [(22- )% - (2j+oe-lozl)S”'2] ;

and
aK,qu _ £ aKqu
ok Y oy
aKQPq _ <')K,Zpq
on v oy
where
oK © Jql+tk k r
2pq (-2lal) ~2-1q| -D
= K + (- Dlal2l a
dy Ty e T D () 2. > 2 rit!
k=0 =0 t=0

2p—2Q -2p Q-2p+ r+t
= (L) k=1 [(er=k)(1-p)¥ -
lq[+k-r k-t 2

k(1+9)(1-y)*~11, (for q > 0)
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e
+
73 .
"2\ 202\ fo o N (73) i:;
Radited e S i r+t=-k-1 r+t-k)(1- k _ 1.;
i) \ ket N3 (1+) [(+-K)(1-7) :
(s
k(1+y)(1-7)¥=1], (for q < 0) EE
b
and '
, g
oK _ —20+ p-1 / Q-1
tp2p0) 220 Kppapeny = 27252 Y : (74) {
oy Y woo \2k+12p- €|
2k + [2p-¢] 2 - 2p-2
) 2-2k=12p-2 k(1-42)k=1 (for q = 2p- £ and p' =___|2_p_|_ )

It should be mentioned that even if convergence is not achieved (Equation 34), KMEC
assumes that the final mean element values are correct and continues processing with them.
This is done since near convegence may have occurred and the resulting mean elements
may still be usable. Messages concerning the state of nonconvergence are generated to
alert the user.
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THE KEPLERIAN MEAN ELEMENT BUILDER (KEB)

v
N RST |

FUNCTIONAL DESCRIPTION

The KEB function dvcomposes the mean nonsingular element set obtained from the
WMI function into a mean Keplerian element set. The KEB process flow is shown in
Figure 7.
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PROCESSING EQUATIONS {

The decomposition of the mean nonsingular element set into the mean 'Keplerian %

element set is accomplished through application of the following relations: ;_ \

o {

e = (& +n7)* (75) )

h = tan~! (6/1;) (76) %

i

T =tan"! @/ - h (77) &

2=X-(g+h (78) ]

:

and \
i=2sin! [(P* + Q¥)*) (79)

Of course, no decomposition of the mean semimajor axis a is needed.

THE GEOCEIVER FORMAT SECTION (GFS)

FUNCTIONAL DESCRIPTION

The GFS function assembles the satellite ID, type, and mean Keplerian orbital elements;
computes an earth-fixed longitude at epoch for the mean right ascension of the ascending
node; and converts the epoch from modified Julian days to year, day, and minutes of day
(GMT). These data are written to hard copy. The GFS process flow is illustrated in Figure 8.

T e Y e N TR e T A N e N Y L A TS T T T

PROCESSING EQUATIONS

The time of day in minutes (GMT) is computed by using the following:

S Pty I rou X SR

(t, - 367y + (Ty/4) - d + 678957.) 86400.

v = 60 (80) .
where t, is the epoch in modified Julian days, y is the year expressed as an integer, and :-;
d is the day of year. The right ascension of the Greenwich meridian L at epoch t, is .
computed from .
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FIGURE 8. THE GFS FUNCTION PROCESS FLOW
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where w, is the rotation rate of the earth and t  is the time of transit of the vernal
equinox expressed in modified Julian days. The earth-fixed longitude A of the ascending
node of the orbit is then computed by using

Tx

P el et
TS
L I. LI

?!"

b
}‘\ %

A=h -L (82)
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APPENDIX
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COMPUTER LISTING OF PROGRAM KMEC
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PROGRAN KMEC ( INPUT,OUTPUT,TAPE6=0UTPUT) Rg

¢ :
c hoe
c kT
c THIS PROGRAM IS THE KOZAI MEAN ELEMENT CONVERTER (KMEC) AND OPTIONALLY B
c CONVERTS BROUWER MEAN ELENENTS OR OSCULATING CARTESIAN VECTORS TC e
c KOZAI MEAN ELEMENTS USING A PONSINGULAR ELEMENT FORMULATIONe A i
c DETAILED DESCRIPTION OF KMEGC CAN BE FOUND IN THE DOCUMENT ENTITLED v
c * PROGRAM KMEC = THE COMPUTATICN OF KOZAI MEAN OR3ITAL ELEMENTS e
c USING A NOASINGULAR FORMULATION * BY A. D. PARKS. ALL THE -~

c EQUATION NUFBERS MENTIONED IN THIS PROGRAN REFER TO THOSE IN THIS ;
c DOCUMENT . i
-y c e
L c 3
. c INPUT GUIDE esvesse b
A c CARD 1 ---- PROCESSING OPTION kuw
o c TOAQP = 0 CONVERT BROUWER MEAN ELEMENTS ot
) c 13A0P = 1 COMWERT CARTESIAN VECTORS Eﬂ'
i c CARD 2---- IDENTIFIER DATA -
; c KSA = SATELLITE NUMBER o
F . c ITYPE = SATELLITE TYPE AS
x c FT = FREQUENCY OFFSET (FPH) A0
3 c TVE = VERNAL EQUINOX TRANSIT TIME (MJOD) <
. ¢ IF IOAOP = 0 o THEN CARD 3 THROUGH CARD T ARE THE FIVE CARD SPASUR Ve
- c DATA. %
‘ c IF ICAOP = 1, THEN--=- T
c CARD 3----¥ERTOR EPOCH Eﬁr
c IAYR = YUAR L
c ADJDA = DAY OF YEAR o
c ADJSE = SECONDS OF DAY N
c CARD 4----POSITION VECTOR COMPONENTS }};‘
c RVE1) = X e
c RV(2) = ¥ e

c RV(3) = 2 v
3 c CARD 5---=VELOCITY VECTOR COMPONENTS AL
%) c RV (4) = XDOT ;;{
N c RV{5) = Y0OT -
- c RV(6) = ZDOT -
»,_' ¢ '-v_:
- t
s g @
¢ Lo

) 95

COANON /7 TOH 7 DEGRAD, XilYy XJ2y AE B
ol COMMOM / KORBEL / BAs ESy XIs We O AN s
E COMMON /7 MNEL / XY Y
o COMMCN 7 NOFBEL / Ay XLy Zy4 XNy Py Q IS
o BIFENSION XM(6) e
EE DATA XMU / 398600,8 /, XJ2/ 1082,6E-86 /4 AE / 63784135 / Pt
RS DATA R2 / 541.,15E-06 / s
- DATA B0sB2+8384935 / 39850048y ~¢1755528999E411 442638 664773BE+12, L
o 1 +106307399€E+15,,8056050 226418 / N
i . DATA OT / 040 / 5 GN2 /7 0.0 /9 AL / Gu0 /4 EL /7 0,0 / 5 RNA/8.0/ e
e c THIS IS THE PFS FUNCTION LS
K. c S
& e

pi
-
S T &
r'e YL
T % N N

\
\ S
s
| A-3
.\ ba
N * %
3 .
bi w1
hr x
o
AN (1 St
g;‘l r!.
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LAY

]

| Al

PI = 3,14159265359

DEGRAD = FI / 180,

READ *, IOAQP

READ *4 KSA, ITYPE, FT, TVE

‘{3
L

=7

c }';.
c ENTER CIS FUNCTION K
c e,
IF( I0AOP,NE. 8 ) CALL ORBAOJ( IOAOF,KSA;UJO, IYLD, IDAY,SEC) iy
IF ( IOAGP.NE.0) GO TO 40 {]
READ 4y KSAPy IYLD,IDAY
4 FORMAT(2Xs IS5y 40XsI4413) £
READ 5 o UJD, ETUy HO, GO, BES, BI o
5 FORMAT (8XyF14e 8¢5 (1XyF8e4)) b5
READ 10, AD N
10 FORMAT (//8X,F11.5) y
BXI = BI®DEGRAD X
BH = GO®DEGRAD |
BO = HO*DEGRAD B
BAM = ETU*DEGRAD »
¢ M
c SEE EQS. (2) - (3) o)
c o
FN = 1, / ¢ 1 = ES¥ES ) ** 1,5 i
TA = SIN{ BXI ) i
T8 = TA % TA L
TE = 1. = ( 3.*TB)/2.
TAD = ({ 3. * R2)/(2.*A0%AD))I*TE*FN »
BA = ( AD®((1o + 2,%TAB) /7 € 1. ~ TAOG )) *% B,6666666667) * AE 5
SEC = 0400 ;
PRINT 15 gi
15 FORMAT (1H1 ) %
c v
c ENTER BIS FUNGT ION b
¢ -
30 CALL BRAUER (80,82,83,84485,DT,8As8ESsBXIyBANeBN130sCN29A4ESXI, I
1 AMyH,09A14E1yRNL) 2
PRINT 34 i
3% FORMAT(/ 956Xy *BROUNER™} %3
PRINT 35, KSA,UdDsA04BA,BES ¢B1,BXIsETU ¢BANGByBHeHD ¢80 %
35 FORMAT (39X, *HZAN ORBITAL ELENENTS FOR SATELLITE *,I5,%1* ”
1/7/79Xy*EPOCH (JULIAN DAY MINUS 2,4400,00045) *9E22, 18/ K, -
2%SEMIMAJUOR AMIS®,24X,E22.1%4,% EARTH RADII *,£22.1%4, s
3% KILOMETZRS®/9X*ECCENTRICITY® 426 X,E22014/9X, .
4¥* INCLINATION® 27X, E22.14¢* DEGREES*y6XyE22¢149® RADIANS®/9X, s
S®MEAN ANOMALY®y 26X ¢E220 14 4% DEGREES?® 96Xy E22014 9% DI ANS*/9X, r
6¥ARGUNENT OF PERISEEY,18X¢E22414s* DEGREES#y6X9E22, 1k,
T+ RADIANS®/9X+*RIGHT ASCENSICN OF THE ASCEMIING NODE %5E22¢14s iy
8% DEGREES®y€X9E22.14¢* RADIANS*/) -
BA = A L.
TR c
N c ENTER NE8S FUNCTION .
L c 5
* .
SeLy 40 CALL FORM ?
[V c i
o c ENTER WHI FUNCT ION ™
e =
2] b
28 7
. v
7 w
iy
s
.
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CALL MEAN e e
XKXL = XM(2) / DEGRAD Y
PRINT 15 R
PRINT 505 KSAsUJDy XH(1) yXXXLsXH (3D 9 XNCUD oXML5) 9 XH(6 ) ARG
50 FORMAT (28X, ®*MEAN NORSINGUL #R ORBITAL ELEMENTS FOR SATELLITE %,I5, e
1% = %,//31X 4*EPOCH (JULIAN DAV MINUS 2,480,000.5 ) ¥, £22.14/31X, g
2¥SEMIMAJOR AXIS®9264XeE22.24 4% KILOMETERS®/ 34Xy *LAMBDA ¥4 32XoE 224 149 ot
21Xy e
3% DEGREES*/ 51X ,* ZETA® o34 X,E22414/31Xo ¥ETA®, 35X, E22, 14/ 31X 4 *P*,37X, L.
4 E22.14/31X+%Q%y37X,E22,14/) BN
c ENTER KEB FUNCTION g
c “x\(“\‘
CALL DCNPOS b
XA = BA / AE SRR
XXI = XI / DEGRAD e
XM = N / DEGRAD e
X0 = 0 / DEGRAD [T
XAM = AM / DEGRAD o
PRINT 60 A
60 FORMAT (///,57X,*KOZAI*) RN
PRINT 355 KSAoUJDoXAyBA9ESsXXIe XIoXAReAM X HoHe X0
c ENTER GFS FUNCTION ;
C S
CALL MX150 2(KSAoITYPE JFToIYLDsIDAY BA9XXIoES X Hs X0 o XA MeUJD, TVE, ey
1 SEC, I0AOP) 23
sTop A
END ,"-:»’;-R.
SUBROUTINE FORM s
c WY AN
c f
c THIS IS THE NEB FUNCTION. b
c OSCULATING NONSINGULAR ELEMENTS ARE FORMED FROM T4E OSCULATING G
c KEPLERIAN ELEMENTS., SEE EQS. (D). Nl
c TN
c LR
COMMON / KORBEL / BA, ESy X1, Ws Os AN ey
] COMKCN /7 NORBEL / Ay XLy Zy XNy Py © AL
I PI = 3,14159265359 .
E P12 = Z249P) rotnr
A= BA e
XL = W ¢+ 0 + AN o
i Xt = AMODE HL,PI2 ) DO
F g S He O 0N
WB = AMQD( WB.PIZ ) Fa
Z = ES ® COS( HB ) e
AN = ES * SIN( %8 ) .
P = SIN(0,5%KI) ¥ COS( 0 ) R
Q = SIN(O.5*XI)*SIN( 0 ) [l
L PRINT 9 A
9 FORMAT1/,46Xs®0SCULATING NONSINGULAR ELEMENT SET--*) o
PRINT 209 A ¢ XLy Zy XNy Py Q oy
10 FORMAT (/550X A =%, G160 4 (o% KH® /50X .
e
' 2:;-3,:
I‘(Z}i{
A-5 g\; o

PR S e e A e v . . S 4

,“1( ‘:\, :‘(‘;.'.(.*L\.r\h o ,’,"\-_.“_".<‘:_‘ﬁ} R, 'ﬁ\"f'-\*." - 1_(\ ‘4,..."-:-\_": '.* g '«,‘ - U S ! R M e
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3. 44,2 0
i YLANBDA=%,G16. 1 0»¥RAD*+/50 X,
2 FZETA =%3616.104/750Xy
3 YETA =%5616¢109/750Xy
4 P 2%y G164 104/50Xy
5 MM =%,G16. 10}
RETURN
END
SUBROUTINZ MEAN

THIS IS THE WMI FUNGTION.
USING THE WALTER ALGORITHN.

HEAN NONSINGULAR ELEMENTS ARE OBTAINED

DINENSION XOSGL6)eXM46) o TOL (63, DELX(6) ¢ XSP(6), XMN(H)
DIMENSION SLM(6)

COMMON 7 NORRBREL 7 AsXLeZyXN,PeQ

GCOMMON 7/ MNEL /7 X9

COHMCN 7 INTG /7 SUM, Gy XNOT

DATA TOL 7 C.01,5"0,00001 /

XQSC(1) = A
¥0SC(2) = XL
X0SC(3) = Z
X0SG(4) = XN
X0SC(5) = P
X0SC(6) = Q
KOUNT = ¢
INITIALIZE PROCESS. SEE EQ. (35)
G0 10 I 3 1,6
10 XN(I) = X0SCtI}

EVALUATE SUMS OF INTEGRALS OF GEOPOTENTIAL OISTUR3IING FUNCTION
PARTIAL ODERIVATIVESe SEE EQSe (57)-(74),(37)-(42).

20 CALL EVI

LOAD SHORT PERIODIC ARRAY.

XSPC 4 ) = XSPA ( XH )
XSP(2) = xSPL( XH, SUMy Gy XNOT )
XSP(3) = XSPZE XMy SUM, G, XNMOT )
XSP(4) = XSPXNt XM, SUN, Gy XMOT 1}
XSP(5) = XSFPU XMy SUHs Gy XNOT )
XSP{6) = XSPQC XMy SUNy Gy XMOT )
KDUNT x KOUNT ¢ 1
ITERATE FIR HEAN ZLEHENTS, SEE EQS. (33)-(34).

DO SO0 Jw 1, B

XMNCJ} = XOSC (I} - USPLS)

DELX(J) = ABS( XHN{(J) - XM(J))

IF { DELXUJ) JLE., TOL(JH) GO TD 50
40 XH(J) = XNN(J)
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50 CONTINUE s

00 S0 K = 1,6 -

IF (DELX(K) + GToTOLCK) +ANOLKOUNT.LT.100) GO TO 20 b

60 CONYINUE e

70 IF (KOUNT .LT. 188 ) GO TO 90 Ay

WRITE (6,100) KOUNT oy

100 FORMAT (/424X y¥THE KOZAI MEAN ELEMENT CONVERSION ALGORITHM OIO NOT e

1 CONVERGE IN *,I5,% ITERATIONS.*) e

PRINT 101, (TOLAI) 9I=146)s(DELX(I) In146) b

101 FORMAT(/45Xo*THE DESIREQ TOLERANCES NERE==%4/¢€(2X9EL12 4} /5X, -

2  *THE FINAL TOLERANCES WERE==%3/,6(2X,E124%)) _

RETURN

90 CONTINUE )

PRINT 91, KOUNT R

91 FORMAT(/,30Xy*THE KOZAI MEAN ELEMENT CONVERSION ALGORITHM CONVERGE

10 IN *,15,* ITERATIONS.%) ot

RETURN il
ENG

SUBROUTINE EVI

o

THIS IS PART OF THE WMI FUNCTIOMe SUMMATICNS OVER P AND Q OF
THE INTEGRALS OF THE GEOPOTENTIAL DISTURBING FUNCTION PARTIALS ARE
EVALUATED. SEE £25. (6.26) = (57)-(79),(37)-(42).

o e
o,
]

o
v

ST
7R

Qo000 n

DIMENSION XM(6)e SUM(G)

COMMON / INTG 7/ SUM, Gy XNCT
COMM(N 7/ CON / DEGRADy XMU, XJ2y AE
COMMON 7/ MNEL 7 X9

»
*

Y
COMMCN 7 KORBEL / AA5ESyXIoHeOMyAM (el
XHOT = SQRT( XMUZ € XM(1)%*3)) et
L =2 N

H=0
00 10 I=1,5
SUMII) = 0.0

10 CONT INUE :
CALL DCHMPOS {:.;
AA = XM(1) SOt

6 = 1. - ES¥S L
: G = SQRT(G) e
o A= M3 e
3 B = X&) o
C = XM(5) S
X D = XM(6) t*l"'""
:j CH = =XJ2%( XMU*AE*AE/ (AAS#3)) i
- CHL = -CM/AA i
N 0020 I=1,3

B IPx1 -1 :

B 1QT = 2%Ip - 2 b
. IAL = M - L ¢ 2%IP T
3 00 38 J=1,5
. Ia=4+~3 o
p IF(1Q.€Q.IQT) GO TO 30 . ke
h THT = (L-2%IP+IQ)*XM(2) R
; -
e ¥ _":~
E: B
f o
g AT e
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o
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IaP = 0
IF(IQ.GT.0) IQP = IQ -~ &
IF ( IQelTe 0 ) IQP = IQ ¢
MP = 0
IF ( JAL oLTe 0 ) MP 2 M ¢
IF ¢ JAL « GT « 0 ) MP = §
CJ = XJLMP (LoMsIPy XI)
CK = XKLPQ(LyIP,I2,6?
DKDZ & - { XM(3)/G)*OKLPQ(L, IP, IO, G)
OXKDN = = ( XM{L)/G)*DKLPQLL, IP, IQ, G)
DJOP = =2, * XM (S5)*DJILMP(LeMs IPyXI)
0J0Q = <2, %XM(6) *DJILMPILIMIPXT)
R = RLMPQUL M 1P IQeAsB,oC D)
RQAP = RLMPQ(LMyIP1QP,AsByCyD)
RUP = RLMPQIL MPsIP+IQsA984C,40)
BI = BILMPQ(L M IPyIQsA484C D)
BIQP = BILMPQ(LMyIP,IQP+A+48,CyD)
BIMP = BILMPQILsMP+IPsIQsA9sBoCyD)
CT = COS(THT)
ST = SIN(THY)
SUMCL) = SUM(1) ¢« CM*CJ*CK* (R*CT+BI*ST)
SUM(2) = SUM(2) ¢ (3./(2e=2.%IP¢IC))IVCHLIBCI*CK¥(R¥ST~-BI¥CTY
SUNM(3) = SUNI3) ¢ (1e/(2.=C.%IP+I1Q)I*CM¥*CJI¥((OKDZ*R*IABS(IQ)*CK
1 *RAPIST-(DKDZ*BI+IABS(IQIYCK*BIQFI*CT)
SUMIL) = SUM(L) ¢ (1./(2:-2.%IP+1Q))*CH*CI¥((DKDON*R-IQ*CK*BIQP)*ST
1 -~ (OKON+*BI +IQ*CK*RQP)*CT)
SUK(5) = SUNM(S)+(1.7/(2.=24%1F+1Q))I*CH*CK*((OJOP*RII ABS(2%]P-2)*
1 CJU*RMP) *ST = (DUDP¥BI+IABS(2%IP-2)*CJ%BIMPI*CT)
SUM(6) = SUMIE) ¢+ (14/(24=2.,%IP+1Q))*CMYCK*((DJDQ*R=(2.%]1P=2)"
i CJ*BINP }*ST=-(DJDQ*BI+(2¥ IP=2)*CJ¥RMP)*CT)
30 CONTINUE
20 CONT INUE
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RETUxN
END
SUBROUTINE BCMPOS
c
c
c THIS IS THE KEB FUNCTION. MEAN NONSINGULAF ELEMENTS ARE
c DECOMPOSEL INYO MEAN KEPLERIAMN ELEMENTS. SEE EQS. (75)-(79).
c
[v
DIMENSION XM(6) ,
COMMCN / MNEL / X9 I
COMH(N 7/ KORBEL 7 AsESyXIeWoO0M4AM I
PI = 3.141 59265359 1
PI2 = 2.%PI g
ES = SQRTEXKEIISXHI3Y + XMIWI®XH(4D) i
OM = ARTAQ(XMI6) 4 XM (5)) b
WB = ARTAQ (XM (&) .XH (3)) ,
Wz K3 - ON 5
IF £ MelTe B0 ¥ = PI2 ¢ ¥ i~
XI = Z4*ASINCSQRTIXHLE) *XH{5)IeXMIBI*XN(6))) .
A e XH{L) .
AH = XH(2) - W8 -
IF  AHJLT. D8) AN = PI2 ¢+ AM E
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RETURN o
END i
SUBROUTIN: BRAUER(B0¢B2+B3, B4yB5,0T+A2P+E2P,CI2P,CLA2P,G02P,HOZP,
L1CN23ACESCIsCLlyGoeH9ADToRNDESD) _‘m‘-’
Cc ",'q
c |qa:(,
c THIS IS THE BIS FUNCTIONs A DRAG AUGMENTEG BROUWER -~ LYCOANE teld
¢ THEORY IS USED TO GENERATE OSCULATING KEPLERIAN ELZMENTS FROM A
c MEAN BROUWER ELEMENYS. SEE EQSe (4)-(25). E;u
c e
c e
1004 A2P2=R2P%*2 BRLYDOS0 e
AZP4z A2P2%%2 BRLYO060 >
CNO=SQRT (B 0/ (A2P2*A2P)) BRLYOO70 ﬁé*
E2P2=E2P*¢2 BRLY008D o
ETA=SQRT (1.~E2P2) BRLY0090 i
SINEInSINIC I2P) BRLY0100 }«;
THET AxCOS(CI2P) BRLYG110 .t
THET A2x THET A% %2 BRLY0129 Ej:
THETA4=THETA 2% 2 BRLY0130 R
THETA6sTHE TAL¥THETA2 BRLY0140 !
£J2=-B2/ (2., *BO*A2P2) BRLY0150 o
ETA2=ETA**2 BRLY0160 ey
ETA3=ETA2*ETA 8RLY0170 E;q
ETA4=ETA2%*¥2 BRLY0188 E:&
CJ21P=CJ2/ETA BRLY0190 A
CJ31P=B3/(BO*A2P2*A2P*ETAL*ETA2) BRLYG200D LT%
CJAIP®(3.%¥B4)/(3.%B 0% A2PLPETAG*ETAK) BRLY0210 R
CJUS1P2B5/(B0% A2P4* A2P%ETAL? ¥2¥E TA2) BRLY0220 fro
FUN1=3,¥THETA2-1, BRLY0230 LN
FUN251,-54 *THETA2 BRLYD240 e
SINEI2= SINEI**2 BRLY0250 W
‘ AL=A2P¥ CJ2 % FUNL BRLY02ED 3
. Adx~AL/ETA3 BRLY0270 -
f A2=3.*AZP¥CJ2*SINET2 BRLYD280
R FUNS=14= 11 *THETA2~ (40 *THE TA4) /FUN2 8RLY0290 Ry
4 FUN6= ~FUNL=(8,*THETA 4) #F UN2 BRLYD300 ot
> FUN4=THETA2/S INEI2 BRLYO310 R4
Y FUN225FUN2* %2 BRLYG320 D
. CJ21F2=CJ2 1P**2 BRLY0330 o
N E01P= ((E2P¥ETA2) *(3.¥CJ21PZ *FUN5~10.% BRLYO 340 L
A 1CJLIP*FUNG ) )/ (244 *C J21P) BRLY2350 e
= E21P=-2,*Z 04P BRLY0360 beose
< E31Px ({35, *CJSLP*C2P2*ETA2* SINEI? * {FUN2~ {1 € *THETAL )/ FUN2))/ (96.% BRLY0370 e
3 104210 BRLY0380 e
[ E411P==,75*E31P+ ((,25%ETA2%S INEI) ¥ (CJ31P23125%CISLP % we #3,#E2P2) * BRLYO03S0 g
I 1(1e=Ce *THETAZ~ (24, *THETAG )/ FUN2)) } /C421P BRLY0400 e
;. CI0=~(E2P* THETA)/{ETAZ*SINE]) BRLY0410 Y
v CI22CJ21iP*THETA®SINEI*L 45 BRLYO&20 R
L CL1=E2P*CI 2%, 66666667 BRLY0430 '
. FUNT=(~o5*ETA3*CJ21P) JE2P BRLYD4 40 F::
5 CL21P=(ETA3/CJ21P) % (. 25%CJ2 1P2*FUNS=.83333333%CJuLP *F N6 ) BRLYO4L50 -
5 CL12P=CNO® (14 +1,5%C JZAPSETASFUN1+. 093754CJ21P2¥ETAC (~ 15,4164 *ETA+ BRLYOLED &1u
¥ 125 ¥ETA24(30+~364*CTA=90,%E 1A2) *THETAZ2+ (105,41 64,*ETA425,%ETA2)* BRLYO470 RS
3 2THETAW)+.9375%C 1P ¥ETAPEZP 2¥(3 o~ 30+ *THETA2435 . *THETAG) ) BRLYU480 ?:?
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CL22P=. 5% NG*CN2
G21P=(14/024e *CI21P) ) ¥ =3, 2 CJU21P2% (2, 4E2P2-11,%(2, # 3, %E2P2) *THETA2BRLY 0500
1=400% (245 ¢ #*EZP2) *THETAG/FUN2-400, *E2P2* THETAB/FUN22) +10.*CU41P* BRLYD0510

2(2. 8RLY0520
S¢E2P2=34% (2443 ¥E2P2)PTHETA 28, * (2. +5.%EZP2) *THETAS /F UN2~ 80, ®E2P2%BRLY0530
LTHETAG/FUN22)) BRLYBS40

G1i2P=CNU *( -1.5%CJ21P¥FUN2+, 09375%CJ21P 2% (~35.,424.*ZTA425. *ETA2+ BRLY0550
1(904-192.*ETA-126, *ETA2)*THETA2+4( 385.,+360. *ETA+45, *ET A2) *THETA4) + BRLYSS60
2e3125%CJGIP¥(214=3¢ PETAZH (=270s +12E,%ETAZ) STHETA2¢( 385. 18 *ETA2)BRLYOS57S

J¥THETAL)) BRLY0580
H2=1.5%CJ2 1P* THETA BRLY0590
H3n=-2,%H2 BRLY0600
Hi=, 6666666 TYE2P*H2 BRLY0610

H31P=((354 YCJSLPYE2P2¥E2P*T HETA) /(144 ¢ %CJ21P) ) * .5 /SINEI* (FUN2-( BRLY0620
116 ¥THETAL) ZFUNZI+SINEI®(5, +(32 ,*THETAZ) /FUN2480.* THE TAL/FUN22)) BRLYD630
HiiPa=-,25¢% BRLY0O640
1 H31P#( (e 25%E2P*THETAY Z/ ICJ2LP*SINEI))*(CU3 1P+ 43125%CU541P* BRLY0650
20443 %E2P 23 % (14=9 o *THETAZ= (264 *THETAS) /FUN2) ¢1.875%C 51P*SINEL 2% BRLYS6ED
SChat3s%E2P2) (34 + (16, *THETAZ2)/FUN2+ {40+ *THETAG) /FIN22)) BRLY0670
H24P= (E2PZ*THETA) /(12.,%CI21P)* (-3, *CJ21P2% (11, + (80, *T HETA2) /FUN2+ BRLY0680
1 (200.*THET A4) /FUN22) 420 o*C U4 1P¥ (34 4016 «*THETAZ) F/FUN2+ (48 «*THETA4) /BRLYQ690
2FUN22)) BRLYQ700
H12P=CNO*THETA® (~3,%CJ21P ¢, I375%CJ21P2%(~5,+12, %*ETA¢+ 9, ¥ETA2¢(-35,.~- BRLYO710
136%ETA=5, *ETA2)*THETA2) #14 25%C JHAP¥ (5 4=3e*ETA2)¥ (3 o=T. *THETA2)) BRLYOD720

o

——
i

x
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AIDaCJ51P/ CJ2 1P BRLY0730 .
ATD2=FUN2~- (16.*THETAL)/FUN2 BRLYO740
C1535,/384 . *AI0*ETAZ*E2P*SINEI*ALD2 BRLYOT S0 t
AID3=THETA2/SINEX BRLYOT60
AID4=THETA 2*SINEI BRLYO770 i
E2P3=E2P2*E 2P BRLYO7 8D A
C2:35./7 1152, %AID* ( (—E2P¥SINEI* (3. 42, %E2P2) +E2P3*AID 3) *A1D2+ BRLY07 90 A
12.%EZP3¥AT D4 * (5, 4(32 . THETA 2) /FUN2+( B0 *THET Ak) ZFUN22)) BRLY0800 .
C3=1.~9. *THETAZ2= (24 *THETAL ) /FUN2 BRLY0810D :
AID5=CJ31P/CJ21P 8RLY0820 i
Che 25%ATDS#{~E2P*AID3) #5./ Ghe*ATD¥(=E2P*AID3* (L o+3*E2P2)+ BRLY0DS838 r
LE2P*SINEIY {264+ 9. PEZP2) 1403~ 15, /32, PAIDPE2P*AI DL¥ (b o+ 3, *E2P2)" ¥
2034016 *THETA2) ZFUN2+ (40, * THET ALY /FUN22) BRLY0850 t
C5=E2P/ {1 +ETA3)®{3 ,~E2P2%(3.~E2P2)) BRLYOS6O '
CO=(EP*(=32,+81,*{E2P2%E2P 2)) )/ ((4++3.%E2F2) +ETA® (4o ¢9; ¥E2P2))  BRLY0S870 }
C7=+25*AIDS¥SINEI®C 5454 /64, *C3* ALD*ETA24SIMI®CH BRLY0 830 3
C8x~ ,25%AIDS*ETAZPS INEI~5./ 64« * ATOYETA3#SINEI® (4o+ 3. *E2P2)*C3 BRLY0890 2
T=0T BRLY0910 E
CL2P=CL12P *DT+CL22P%DT**2¢CLA2P ¢+ RND*DT*DT
CL2P=AMODICL2P,6.23318530717S6) p
IF(CL2P)520,530,530 ‘
CL2P=CL2F+6.2831853071796 N
G2PRGL2P3DT+6R2P BRLY0S4LO i
H2P=H12P*D T +H 2P BRLY0950 L
SINEG=SINIG2P) BRLY0960 f
C8SING=COS (G2P} BRLY(0970D L
DLE=SINEG* (SINEG*(E31P*SIREG+E21PI+EL1PI+E (1P BRLYSI8S i
HAP= ({H31P#SINEG+H21P)*SINEG+H11P) *COSING +H2P BRLYO990 L
GPLP=G2P+CL2P4,5%(CL21P+G21P)*SIN(2.%G2P) ¢(C1+C2) *COS (3. % G2P) o
1+(CL+CTI*COSING ‘
CL1P=CL2P BRLY10G20 f
i
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UsgL2p

100 ODELTAU=(U-E2P¥SIN(UDI-CL2P)/ (1.-E2P*COS(U))

UsU-DEL TAU
IF(ABS(DELTAU)~1.E-10)200, 100,100

200 U=U=~(U~-E2P*SIN(U)=CL2P)/(1.~-ERP*COS(U))

E=U

SINE1P=SIN(E)

COSE1P=C0S (E)

6LP=G2P

ADIVR=1,/7(1,-E2P*COSELP)

SINFLP=ADIVR*ETA®SINELP

COSF1P=ADI VR* (COSELP~E2P)

FLP=ARTNQUSINFLP,COSF1P)
IF(ABS(F1P-CL2P)~ 3, 1415926535898) 220,218,210

sTopP

FUN3z (L. 4CN2¥T)*%, 66666667

COSFG=00S(2.,% (GAP+F 1iP))

SINFGRSINI2.*(GLPrF1P))

ADIVR2xADIVR*¥2

ADIVR3I=ADIYR®¥3
CI=CI2P+CIO¥D1E+CI1*SINFLP*SINFG+(2.,¥CIL*C(SFLPeCI2)*COSFG
FUNB=FL1P=-CLAP+E2P*SINFLP

HeHLP+ (2. *H1*COSF 1P +H2) *SINFG-H1*SINFLP*COSFGEHI*“UNS
KFUNEH/6.,2831 853074736

FUN9=KFUN

HeH=FUN9%6 ., 2831853071796

IF(H)8D22,8023,08023

HzH+6.,2831 853071736

AsAZP/FUN3+A0+(AL1¢A2%COSFG) *ADIVR + ADT*OV

AID6= ADIVR2¥ETAZ2+ADIVR

AIO7=SIN(2.%G2F+F1P)

AID8=SIN(2.¥GZP+3.*FiP)

01=.25%CJ21P* (6. (5. THETA2 =14 )¥FUNB+(3e~5.*THETA2) *( 3+ *SINFG+
13, YE2PYAID7 +E2P®AIDS ))

022,25%CJ21P% (2,2 (3 *THETAZ =1, )% (R ID6# 1, )¥SINFLIP¢3 . *(1.~THET A2)*
b ((=ATD6+ 1, I*ATD7 +(ATD6 ¢, 33333333)%4108))
AID9=CO0S(2.¥G2P+F1P)

AID10=C0S(2.2G2P+3.,*F1P)

D3==ETA2%, 5¥C J21P* (1 +~THETA2)* (3, *AZ09+AID1D)
ETAGI=1.,/(ETA3*ETA3)

DLU=ETAEI*(CS5 +COSFLP*(3,+E2P*COSFAF*(3,+E2P*COSF1P)))

DS =ETAGI®(E2P+COSFLP¥ (3,4 E2P¥COSFLP® L3, 2E2P=COSFLPS 3}

D6= ETA2¥CJU2% 5% ( (3o *THETAZ 1) %D 443.%(1.~THETA2)*0D5*COSFG)+03
GALSGPLP+DL¢(E2P*ZTAZM/ t1.,4ETA)¥D2

CER(E2P~1¢ P ¥( 2. +CN2¥DT) ¥%,66E66EE6EC6666T+1.,¢D1E4D56 ¢ ESD*DTV
EDL=.5%E2P*CL2LP*SIN (2,%G2P)¢CB8*COSING+E2P*CL¥CO5 (3 .*G2P)~
1 ETA3*D2

AIDL 4=SINICL2P!

AIDLS=C0SICLZP)

ESL=CE ®AIDI144EDL®AID1S

ECL=CE *AID15-EDL®AID1Y

CE=SQRT (ECL*ECL+ESL*ESL)

CL=ARTNQ(ESL,ECL)

G=GAL-CL

GEAMOD(G46.28318530871796)
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BRLY1030
BRLY104D
BRLY1050

BRLY1070
BRLY1080
BRLY1090
BRLY1100
BRLY1110
BRLY1120
BRLY1138
BRLY1L140
BRLY1150

BRLY1210
BRLY1220
BRLY1230
BRLY1240
8RLY1250
BRLYL26D
BRLY1270
BRLY1280

BRLY1310
BRLYL 320
BRLY1330
BRLY$340
BRLY1 350
BRLY1 360
BRLY1 370
B8RLY1 380
BRLY1390

BRLY1410
SRLYi®20
BRLY1430
BRLY1440

BRLY1470
BRLY1480
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BRLY1500
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IF(G)B8024,8025,8025

G =G ¢+ 6,2083285307179

RETURN BRLY156%
END BRLY1570

SUBROUTINE CORDEL(RVsHV Qe TAUE,U)

THIS IS PARY OF THE CIS FUNCTION. OSCULATING CARTESIAN FOSITION
AND VELOCITY VECTOKS ARE TRANSFORMEO INTC OQSCULATING KEPLERIAN
ELEMENTS. SEE EQS. (26)-(31).

OIMENSION RV16) 4HV(6)
XsRY (1)

Y=RV (2)

Z=RV (3)

XDOT =RV (4)
YDOT=RV(5)
ZD0T=RV(6)
R=SQRT{X¥ X+Y¥Y+Z%Z)
VSQ= XD0” #X0O0T+YDOT*YDOT+#Z00 T*2Z200T EL 0060

HX=Y*2D00T-2*Y0OT

HY=Z*¥X007X*Z00T

HZ=X*YDOT~Y*XDOT

HESQRT (AX*HXe HY*HY ¢ HZ*H2Z)

AAx1,/ (2 /R=-VSQ/Q)

ESINU=(X*XDOT+Y*YDOT+Z¥ZD0T ) /SQRT (Q*AA)

ECOSU=R*YSQ/Q-1.

ESQ=ESINU*ESINU+ESOSU®ECOSU

ExSQRT(ESQ)

ROOT=SQRT(1.,-ESQ)

ANGLEIZARTNQISQRT(HX*HX ¢HY ®HY) 4 HZ)

IF(ANGLEI~TAUE) 14545

SGNHZ=HZ/ABS (HZ)

ANGLEI=1,5707963257 994* (14 ~SGNHZ)

OHEGA=0,

IF(E-TAUE) 24343

ANOM LLE ARTNQUSGNHZ® Y4 X)

GO 70 9

PERIG®ARTNQ(SGNHZ®*Y 4 X)=ARTNG(ROOT*ESINY,ECOSU-ESQ)

IF(PERIGYIU 2747

PERIG=PERIG+6,2831853071796

GO TO 7

OMEGA = ARTNG (HXy~HY)

IF(E-TAUE) 84646

PERIGEFARTNQ(Z¥H¥ (ECOSU~ESQ) + (X¥ HY-Y*HX)I*ROOT*ESINU» Z* H*ROOT*

LESINU=(X*4 Y=Y %X} * (ECOSU~-2SQ)}

U ARTNQ (ESINUECOSU )
ANOMAL=U-ESINU

GO TC 10

ANONALRRETNQCZ¥Hy Y*HX-X®HY)

£ = 0o

PERIG=Q.

CONTINUE

TAU=-ANOMAL®SQRT (AA®AA¥AA/Q) /3600,
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HORN
i
e
%:ﬁ

~‘\.'v
99,44,26 03/04/83 }.‘-,:

9
TAUE ANOMAL ._::.
HV(1)=mAA e
HV(2)=E sy
HV(3)mANGLEI
HV (4 )=PERIG
HY (5) =0MEGA i
HY (6)=TAU [~
RETURN A
END b

A

SUBROUTINE ORBADJ( IOAOPy KSAy TOA 4 IAVRe IDJDAs ADJSE )

G
c
G THIS IS PART OF THE GIS FUNCTICN.
c
c
COMMON / KORBEL /7 A01,E£,XI1,601,HEL,FLOY
OIMENSION RV(6) o HV(6)
IF ( TOAOP + €Q o 0 ) RETURN
READ * o, IAYRo, ADJDA, ADJSE
READ %4 RV (1), RVI2), RV(3)
READ * 5 RV{L) 4 RV (5)y RV(6)
TOA = 1728044e ¢ 367T*IAYR ~ (7%IAYR)/4 + ADJDA + (AOJSE/GG?UO.)
b ~ 2400001.0
1 Q = 398600.8
TAUE = 1.,E~06
CALL CORDZL ( RV,HV,Q,TAUZ,U }
AO0L = HV(1)
EL = HV({(2)
H XI1 = HV(3)
G0l = Hv(4)
y HO1 = HV(5)
FLO1 = HV{6)
PRINT 15

15 FORMAT ( 1H1 )
25 PRINT 20, 10A0P
20 RHAT{ 42X+ *PROCESSING OPTIOQON *,I4,% SELECTED®,/)
PRINT 10, IAYR, ADJODA, ADJSE
10 FORMAT (39X *THE POST ORBIT ADJUST EPOCH IS- VYZIAR*,I5.* ODAv ¥,
b Fb6els® SEC 4616410}
IDJDA = ADJSDA
PRINT 11
11 FORMAT (/739X INPUT POST ORBIT ADJUST CARTESIAN VECTORS ARE =--+)
PRINT 12y ( RV(I)y Ix146 )

&,

z_ v
ooV yas
» £ W

-

v
i
H

23

12 FORMAT(/,39X4%X =%,G16410,% KM¥/39X, Ny

1 B =%,G16.10 9% KM*/39X, 13

' 2 %7 =%,G164104% KN*/39X, §:~_ '

» 3 ¥XDOT=%4616440,% KM PER SEC*/39X, e

“ *YDOT=%4G16410 o# KM PER SEC*/39X, i:t-a

i 5 4ZD0T=%,616.10,* KN PER SEC*) ‘
RETURN

END ’?ﬁ

SUBROUTINE HX1502(KSA)ITYPE 9FT4 IV 9IDsBAyXXIHESy XHeX 09 XAK9yUSDTVE,
1 SECy IO0/0P)

¢ X o)
XTI
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c THIS IS THE GFS FUNCTION. TYHE FOLLOWKING SHOULO BE NOTED=
c (1) THZ INPUT VALUE FOR TVE SHOULD BE PERIODICALLY UPODATED
c FROM THE NAUTICAL ALMANAC.
¢ (2) THE YEAR COMPUTATICN IAYR ASSUMES THAT ALL VECTOR EPOCHS ;
c ARE BETMEEN THE YEARS 1980 AND 1989 . EPOSH YEARS OTHER .
c THAN THESE WILL NECESSITATE CHANGING 1388 IN THE IAYR i
c EXPRESSION TO THE APPROPRIATE DECADE. %
c h
c i
DATA HWE / 7.292115856E-85 / v
PRINT 10 g
10 FORMAT ( 1ttt ) 2
PI = 3,14159265359
PI2 = 2,%PI E
DEG = PI /7 138. ;
IF ( IOAGP .EQ. 0 ) GO T0 15 i
IAYR = 1Y 5
TH = SEC / 60. L
60 TO 18 F
c Al
c COMPUTE MINUTES OF DAY (GMT) o SEE EQ¢ (30). .
: g.
15 IAYR = 1980 + IY i
TS ® UJD = 1721044, - 36T#IAYR + (T¥IAYR)/Z4 - ID ¢ 2400001,9 £
TH = (TS * 864%00.) 7/ 60. #
c \
c COMPUTE EARTH FIXED LONGITUDE OF THE ASCENDING NODE. SEE EQe (81) E
Cc I
18 RAG = HE * ( UJD = TVE ) * 86400, I
RAG = ANOD ( RAG, PI2) \
RAG = RAG / OEG ¢
XOL = X0 - RAG ;
IF ( XOLeLT. 9.80 ) XOL = 360 + XOL v
PRINT 20 “
20 FORMAY(////+3TX+*GEQDETIC SATELLITE ORBIT PARAMETERS FOR THE MX 15 i
102-DS GEOCEIVER®) .
PRINT 30y KSAoITYPE yIAYRyID sTHoXAMoXNHoESsBAyXOLoXXI,FT }
30 FORMAT(//+57X+*SATELLITE TOENTIFICATION®+6X9I5/57X, g
1 *SATELLITE TYPE®,16X+I5/57X, v
2  *ELEMENT SET EPQGCH (GMT) ®4/7€X, )
3 “YEAR®sTX9 I5/77 Xy N
IN SDAY® ,TX,15/76X, k
5 * HIN®SXysF7e2//704X%, p
6 *MEAN ANOMALY*,208X,E22.1 by* DEG¥/44X, o
g T  *ARGUMENT OF PERIGEE®13X+E22.14+* DEG*/4iX, ~
o 8  *ECCENTRICITY®,20X,E22, 14/44X, F
RS 9  *SEMI-MAJOR AXIS¥y17XeE22.144+% KM*/44X,s §
5 A SLONGITUDE OF ASCENOING NODE®*yS5XeE£22414e* DES*/G4X, L
) B  *INCLINATION®,21XoE22.44s* DEG*/4kX, k
=0 C  ¥TRANSMISSION FREQUE NCY® , 10X +E22. 144% PPM* ) :
“ RETURN L
T END i,
Jid FUNCTION XSPA(XM) .
“If"\w c ?:
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COMPUTE THE SHORT PERIODIC VARIATICN OF THE SEMI-YAJOR AXISe.
SEE EQe {(37)

3
«
1]
€ w_ W
x

L
v

s

OOCO
N FC LIV b
P S A
oA S Py "JV
- L' ‘.m:
AR A I

e »,
s
—*o

e ¥
. Tt

] DIMENSION XM(6)
] COMM(N / KORBEL / Ay ES, XI, W, OM, AM
f COMMON 7/ CON /7 DEGRADy XMU, XJ2, AE
F = M ¢ 2,%ES*SINC(AMI+(54/4 ) *ESVES*SIN(2,¥AN) {134/ 12, ) $ESPES
1 SIN(3.*aN) :
P = XH(1) * ( 1, - ES®ES ) :
RRE P / ( 1. + ES®GOS(F))
XSPA = XJ2%(AE*AE/XMC1))*(C(XN(1)/RRI®*3,)%(1,=1.5* SIN(XI)*

LS
a

A
.
L g

" -

i

i 1 SINCXI) + 1. S*SIN(XII*SIN(XI)*COS(2.%N+2.%F)) = (1s~1c S*SINIXI)* S
g 1 SINIXI) M (1.~ES*ES)I**(=1,5)) A
\ RETURN S
: END 2
. FUNGTIOM XSPL  ( XMy SUMs Gs XMOT ) SUNAN
i c COMPUTE THE SHORT PERIODIC VARIATION OF LANADA. SEE EQe (38). R
g ‘)‘;\:{
a0
DZMENSION SUH(6), XN(6) NS
1 xsPL = ~ {20/ (XHOT*XMOT*XM(1)) ®SUN(2) ¢ (G/ (2. *XHOT *XMOT* XM (1 AhSGN
3 L VEXMUL)))® EXMC3) #SUME3D4 XHILDPSUNLLD D 4(1e/ (2. #XNOT *XMOT#XH(1)* AN
: 2 XN(L)*G))*(KM(5) *SUM(5)¢ XH(6)*SUM(G) ) N
3 RETUPN
- CND
q FUNCTION XSPZ  ( XMy SUM, Gy XMOT )
; c
\ c
3 G COHPUTE THE SHORT PERIODIC VARIATION OF XI. SEE EQe (39).
: c
c
- DIKENSION SUN(B), ML6)
: XSPZ = =(5/ (XMOT*XHOT*XNC1) *XN(1) % (1. ¢G)DI*XN( 3D *SUMC 11~ (G/ (XMOT#
E L XM0T*XMUAYSXMIL) D) #SUNTA) =(14/ (2. *XHOT*XNOV*XH(1)% )M (1)4G)) ¢
3 2 XH(H)*(XN(5)*SUH(5)+XN(E ) *SUN(6))
g RETURN
3 END
FUNCTION XSPXK ¢ XMy SUM, Gy XMOT )
c
c
3 C COMPUTE YKE SHORT PERIODIG VARIATICN OF ETA. SEE EQe (40).
c
¢

DIMENSION SuNted. XH(6)

XSPXK == 6/ (XHOTPRUGTY XM (L) * XML ¥ (146G 1) I XHLL) ®SIN (1 )+ (G/IXMOTY
X XMOY®

i XNCAI®XI 13D I2SUMNB) + {1,702, *XNOTHXNOT*XN( L) *XK (1)%G) )*XH(3)
2 F(XHIS) *SURLISI X M5 *SUM (€))

3 RETURN F
: END

FUNCTION xSPP ( Xify SUM, Gy XMOT )
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: b
3 c kr

c COMPUTE THE SHORT PERIODIC VARIATICN OF Fe SEE EGs (41). b
c k.
c i
DINENSION SUM(6)y XM(6) L
Cl = £4/(24%¥XHOT*XNOT*XH{L )*XN(1)*G) L
XSPP = =CL*XM(5)%SUM(L) = 9,5%C1%SUM(6) +C1¥XM (53 * { XM () *SUN(3) = X
1 XM(3)*SUN(L)) i
RETURN i
END o
FUNCTION XSPQ XMy SUMy Go XMOT ) i
c L
c 1
c COMPUTE THE SHORY PERIODIC VARIATIGCN OF Q. SEE EQ. (42). S
c K
c ‘:4‘
DIMENSION SUMI(6), KM(6) X\
ClL = £,7(2.%XMOT*XNOT*XN(1) *XNC(1)%G) =
XSPQ ® =CL*XM(6)¥SUMEL) ¢ 0,59C1¥SUM(5) + CL*XH(6)*( X4(&)TSUM(3)- -
1 XM(3I*SUN(4)) -,
RETURN 1
END 2
FUNCTION XJLMP{LyMoPoI) R
o 3
c EVALUATE THE INCLINATION FUNCTION J. SEE EQe (52). :
¢ !
c .
REAL JLMP, I i
INTEGER Fy ALPHAy AALPHA, P2 g
C = CO0S(0.5%I) 2.
S = SIN(0.5%I) g
ALPHA = N=L4+2%p i
MALPHA = «ALPHA i
AALPHA = I ABZ(ALPHA) i
L1 = L-M Iy
K = 0,5%.1 P
00 5 JJJ = 1410,2 L
IF (L1.EQedJJ) K = K ¢ 1 ]
5 CONT INUE b
L2 = 2% -2%p i
p2 2 2vp g
Ji = 0 :
J2 = L1 "
L3 = LeN i
Lk = L=-P ia
FMULT = (FACT(L3)/7LFACT(PI*FACT (L4) *(2.%¥L)))* ((=1, }* %) L
IF (MALPHA .GT.J1) J41 = MALPHA k
IF €L2.LT. d2) 42=L.2 -
IF €J1.6T.J2) PRINT 18, Ji,J2 L,
10 FORMAT(1HO 20Xy *PROGRAN TERMINATED IN FUNCTION JLNP====J1 GV J2--

A Ji AND J2 =%,215)

IF (J1.GT.42) STOP -
JLMP = 0,00

Ji = Ji+1 E
f
1
¥
A'16 ’./
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J2 = J2+1 o)
00 20 JJ = J,42 .
J = JJ-1 .
L5 = Li-J v::
F = ((=1,0% ) *BINOMIL2, J)*BINOHLP2,L5) $FHULT t:\.
JLHP = JLMP+FF(C¥* (2% -ALPHA-2%J))*(S**(ALPHA-AALPHA+2%J)) :k:
20 CONTINUE . N
XJLMP = JLHP oy
RETURN e
END —
FUNCTION DJLMP(L,4sPs1) g
G 5
G o
; EVALUATE THE DERIVATIVE OF THE INCLINATION FUNCTION WIVH RESPECT
G TO COS(.5%I) « SEE EQs (68). NacH
G t_’-:.,_‘
¢ L
REAL I -
INTEGER Py ALFHA, AALPHA, P2 _
C = COS(0.5%I)
S = SIN(0,5°I)
ALPHA = M-L+2%P
HALPHA = =ALPHA
AALPHA = TABS (ALPHA)
L1 = |-M
K = 0.5%.1
00 5  JJJ = 1,182 Y
IF (L1.EQedJd) K = K ¢ 1 o
CONT INUE oS
L2 = 2¢L-2%P Ll
P2 = 2vp L
Ji = 0 o5
J2 = 11 t.—
L3 = LN "omse
Ls = LeP 7
FHULT = (FACT(L3)/ (FACT (P) *FACT (LA *(2,#*L 1)) ¥ ((=1, )¥¥)
IF (MALPHAW GV +J1) J1 = HALPHA o
IF (L2.1Tey2) J2=L2 XS
IF (J1.GT,J2) PRINT 10, J1,42 e
10 FORMAT(L1HD 20X, *PROGRAN TERMINAYEY IN FUNCTION DULMP-===yi GT J2-= e
A JL AND J2 =%,215) Pt
3 IF €.1,67, 42} STOP fassom
4 DLMP = 040 -
3 Ji = Jiet R
k) J2 = J2+#1 :'_,':'
. DO 20 JJ = J1442 AN
A NILNNISY e
3 L5 = L1-J
G Fm ({=1e)%%J) *BINOMIL2, JI*BINGHIP24L5) *FHULT —
3] DLMP = DLHP + FP(C¥ (2%L~ALPHA=2%J=1))*(S*% (ALPI{A~AALPHA))*® L
s A ({2%L-AALFHAL* (S*%(2% ) ) =(2%J+ALPHA~RALPHA) # (5 #( 2¥ 4=2))) ’»j:;}-;
4 20 CONTINUE g}w
- DJLMP = DLMP N
5 RETURN A0
. END 1)
A o
i T
o S
;q ;‘:":
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. FUNCTION XKLPQ(LyP»Q+GANA) 103
o :
c EVALUATE THE ECCEHMTRICITY FUNCTION Ko SEE EQS. (53)-(54).
c
¢
INTEGER P sQeReToAQoRRy TToPP4PU,PUP
ITST « 2%p - L
XLPQ = 0,00
IF (QeEQ.ITST) 60 70 100
LL = =2%p
L2 = 2%P ~ 2%
F1 = 0.5%(L =~ 2% + Q)
AQ = IABS(Q)
F2 = 1, + GAMA
F3 = 1. - GAHA
; Flo = (=1,)%2AQ)%(2.%%L)*(F2*¥(~L=A0))
] DO 10 KK x 1, 3
: K= KK-1 :
.t KU = AQ ¢ KK T
-, 00 20 RR = 1,KU F@:
X R = RR - 1 o
i B0 30 TT = 1,KK AR
3 T = TT-1 A
L L3 = AQ + K =R oy
L = K = T
IF(Q.GE+D) BIFAC ({~14)**R)¥BINOM(L2, L3 )*BINOM(LL,L4 peose
A ) A
IF(Q.LT.0)BIFACE( (=1, )% *TI*BINCH(L1yL 3) *BINOM (L2 L4) }i{%
TERM=Fi* (BIFAC/ (FACT(R)*FACT(T) )} S (F1%% (ReT))*(F2¥® (R4T~K)) * (F3#K z‘ij
A ) A
XLPQ = X.PQ + VERM {wJ
TST = ABS(TERM) P
TSTL = 0,61 % XLPQ :
TSTL = ABS ¢ TST1) :
IFCETSTLLTLTST1).ANDL(TSTANE.0.00)) GO TO 40 5
30 CORTINUE !
20 CONTINUE o
10 CONT INUE B
PRINT 11, LePsQe5ANA,TST,TSTS E};
11 FORMAY {1H0,3¥,*KLPQ DIC MOT CONYERGE- L P Q GAMA TST TSTi=#,315, B
A 3F15.T440 i
60 TO 4@ e
100 IPP = IABS{ITST) g
L6 2 (-1 Lo
PP = (L -~ IPPI/2 Coe
PU = PP - 1 é{c:,
IF (PUSLT. 0) 6O TD 40 A
PUP = PU & 1 P
D0 50 KK = 1,PUP :
K= KK = 3 kﬁ;
L7 = 28K ¢ IPP S
KLPQ = XLPQ+ (GAMA®®(1.=24%L) )*BINGHILE,LT) SBINOM (LTs KI*(2,%% (=L For
A TII®(ULL =G ANA¥GANA) #9K) L
50 CONTINUE I
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40 XKLPQ = XLPQ %}%S

RETURN 3

END Y

FUNCTION DKLPQ{LoP»QyGANA) Lmﬁ

C NEI

C L:-\:._

c EVALUATE THE CERIVATIVE OF THE ECCENTRICITY FUNCTION K WITH RESPECT H}a

c TO GAMMA ( = SQRT(1. -~ E*E) ) + SEE EQS. (72)-(74). Ve

c el

c AN
INTEGER PeQeReTyAQeRR YT PP4PULPUP

ITST = 2P - L
XLPQ = 8,00

AT

XL = KKLPQ(LePyQsGAMAL "
IF (Q.EQ.ITST) GO TO 100 T
LL = =2%pP AN
LZ = 2+*p - 2% o
FL = Be5%(L = 2% + Q) o
AQ = IABS(Q) -
F2 = 1. + GANA Lﬁ?
F3 = 1, - GANA A
Fo = ({=1, ) %% AQ)¥(2,%5L )% (F2¥%(~L~AQ)) L7
XL = ({ =-L-AQ )/ F2)*x1 —3¢}
DO 10 KK = 14 3 e
K = KK-1 Lee
KU = AQ + KK A
B0 20 RR = 1,KU
R=H/R -1 o,
0 30 TT = 1,KK R
T = TT-1 o
L3 = AQ+K=-R e
L = K -7 :‘::
IF(QeGELD) BIFACE ({=1,)%*R)*BINONIL2+L3)*BINOM (L1,sLu o
A ) St
IF(QeLT.0)BIFACEE (=1,)¥*T)*BINOMALL, L 3) *BINOM(L2,L4)
TERM=F%*(B IFAC/ (FACT (R} *FACT(T) D)% (F15+ (R4T))I* (F2* ¥ (R4T=K~1))* AT
; A CIFI*K)I*(RET-KI=K¥F 2% (F 3¥% (K~1))) o
4 XLPQ = XLPQ + TERM S
‘ TST = ABS(TERM) 2
f TSTL = 0,01 * WPG i
{ ISTL = ABS ( TST1) &S
§ IF(CTSTWLTTST1) LANDL(TSTLNELOBO)) 5Q TO 4D A
# 30 CONT INUE
20 CONTINUE i
10 CONTINUE ol
PRINT 11, LsPsQsGAMA,TST,TST1 R
11 FORMAY ¢14D,3Xy*K.PQ DID NOT CONVERGE= L P Q GAMA TST TSTi=¥,3I5, Ve
A IFL5.7 977} it."}:
GG TO 40 -

180 IPP = IABSCITST)
X1 = (L -2%L+ SIJGARA) # X1
L6 = L=t

PP = (L - IPP)/2
(

A 1

ot
R
-

o
ol

PU = PP - 1
IF (PULT.0) GO TD 40
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PUP = PU ¢ 1
DO 50 KK = 1,PUP !
K= KK - 1 e
LT = 2%K + IPP &
XLPQ = XLPG=2¢* (GAMA®®(2 ¢=2.%L))*BINOM(LE,LT)*BIHONILT 4K) *
A (2.%%(~L7)) *K¥((14~GANA®*GAMA) ** (K=1)) Y
50 CONTINUE N
40 DKLPQ = XLPQ + Xt Ly
RETURN b
END —
o FUNCTION RLMPG(LyMsPyQsAsByCy0) i
) g ~i
o C  EVALUATE THE R FUNCTION. SEE EQ. (55). ks
i‘, Cc 1
k} e ;:,
o INTEGER ALPHAAALPHA+PyQsAQ s ULy U29UsUULUU24UY =
ALPHA = M = L + 2%P i
AALPHA =IABS{ALPHA) —
AQ = IABS(Q) >
R = 0.00 r)
K = 0,5%(AQ ¢ AALPHA) -
KK = K ¢ 1 o2
DEL = 1.0 -
IPRD = Q*ALPHA il
DO 10 NN = 1, KK -
N = NN =1 A
L L = 2%N = AALPHA ;f-
L2= 2%N AN
U= 0 <
IF (L1.GTe 0) UL = L1 V,;,
vz = L2 7.
IF ( AQ oLT. L2) U2 = AQ N
Uut = UL o & -
uu2 = U2 + ¢ t
IF(U1.6Y.U2) PJINT 11, UL, U2 -
11 FORMAT (1HDs3X,*LOWER BOUND GY UPPER IN SUM OVER U IN FUNCTION RLM -
APQ = UL U2 =%,2164//) o
IF (U1.GT.U2) STOP -
DO 20 UV = VU1, UU2 2
U=uu -1 =
IF (IPRO.LT40) DEL = (=1,0)%*U »
NL = 26N - U g
R &R + ((=1,0)% (N+UDISDEL¥BINOMIAQ,UI *BINIY (AMPHA N1 * e
A (A®® (AQ-U))* (B**U)*(C¥**(AALFHA=2¥N+U))®(D*¥ (2*N-U)) P
20 CONTINUE ;-;
10 CONTINUE n
RLMPC = R o
= ) RETU N \
e END g
¥t FUNCTION BILMPQ(LoHsPsQsRyByCyD) @
0% c e
o, c ‘
N c EVALUATE THE I FUNCTION, SEE EQ. (56)- %;ﬁ
20 ° ]
5'};;.
-
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; i
INTEGER ALPHAAALPHA,PyQsAQ ULy U2, UsuUlUL,UU24UV M
ALPHA = M = L + 2%p
AALPHA =IABS (ALPHA) f;—
AQ = IABS(Q) R
R = 0.08 ‘:."_:.
K = 0.5%(AQ + AALPHA = 1) e
KK = K ¢4
DEL = 1.0
IPRO = Q¥ALPHA o
80 10 NN = 1, KK
N = NN - 4 F\:*_‘s
L L= 2% - AALPHA + 1 F“*‘:'
L2x 2%N + 1 ,"\"‘r-
Ui =4g0 .:_‘.‘
IF (L1.6T. 0} UL = L1 o
U2 = 2 ey
IF ( 22 +LT. L2) U2 = AQ 3%,
UuL = Ut + 1 E:
Uuz2 = U2 + 4 T
IF ( UL GT. U2) R = 0.8 Y
IF { UL .GT. U2) GO TO 30 "
00 20 UU = W1, VU2 wid
Us Uy -1 )
IF (IPRBeLT40) DEL = (=1,0)%%y
IF ({ IPRD.EQe0)¢ANDs §QelTo0)) DEL=(=1,0) %%y . O
IF((IPRC.EQeD) «AND o (ALPHAGLT-03) OEL = (-1.8)**U ‘
NL = 2N = U + 1 i,i
R = R+((=1,0) % (N+U+1 ) JSOEL*BINCMtAQoU) *BINOM (AALP HA, K1) ¢ RS
A (A¥#(AQ-U)) *(B¥¥U) $(C*¥ (AALPHA-2*NeU=~1)) % (D ¥* { 29N~ Us1)) :{n}
20 GONTINUE LY
10 CONTINUE R
30 CONTINUE s
BILMPQ = R E—L-
RETURN ]
END S
FUNGTION BINGH(M,N) f
£ S
y P
G EVALUATE A BINOMIAL EXPANSICN COEFFICIEMNT . :‘-;}xj
; i
IF ¢NeLT.0) BINOM=z0.00 .L...
IF(N.LT<0) RETURN “.‘~'-.§
IF(N.EQe0} BINOM = 1,80 o
IF (NEQ.D) RETURN o
J=z ¥V -:‘,‘r.
IF {MeLT40 ) Mx N=M-1 N
L Men RN
IF £ 0L « LT o 0) BINOM = ¥.08 S
IF €L o LT 8 ) RETURN

BINGH = FACT(M) /7 ( FACTIN)#FACT(L)?
IF (JelT40) BINOM = ((~1.8)%%) * BINOM
H=J

RETUFRN
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END
FUNCTION FACT(K)

- gn ey

EVALUATE A FACTORIAL.

OO0

l
|
IF (KelTe0) FRINT 105K ‘
10 FORMAT(41HO 28X, *PROGRAM HAS TERMINATED DUE YO FACTORIAL OF A NEGAT |
AIVE INTEGER~=<K=%,15) ;
IF (KelTo0) STOP
: FACT = 1,0
L:(: j,\’ IF (KeEQ+.8) RETURN
e DO 20 I = 14K
<. FACT = FACT # I
o 20 CONT. NUE
o RETUFN
Y END
E-;'? 6/7/8/9
—m”f.é
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